In this study, the residual stresses in high-density polyethylene (HDPE) composites were measured using an x-ray stress measurement technique. There have been few reports published of residual stress investigations in polymeric materials by x-ray stress measurements based on conventional reflection methods. There are two problems associated with these measurements: the diffraction peaks of the polymer appear in a low 2θ region and therefore the small 2θ angle region to be taken in the sin 2 ψ method. In the present study we tried a transmission method for measuring the residual stress in HDPE composites. The measured data fitted with a good linear regression line in a 2θ-sin 2 ψ diagram, and the gradient of the regression line corresponded to the applied stress. The other hand, the results of the residual stress measurement are deeply associated with degrees of the crystallinity in the HDPE material. The quantitative estimation of crystallinity degrees in the HDPE material was accomplished by the combination of an x-ray diffraction and a sink-float method. The residual stress distributions were discussed between micro-residual stresses in the crystal phase of HDPE with the amorphous phase of one.
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Background
Fiber-reinforced composite materials have found considerable application in improving the performance characteristics. There is a large difference between the thermal expansion coefficients of the matrix and of the fiber [1, 2] . X-ray stress measurements are widely used to measure residual stresses, and the so-called sin 2 ψ method is a common non-destructive technique for evaluating residual stresses in near-surface layers. By contrast, an x-ray beam is able to penetrate deep into polymeric materials due to the low absorption coefficients of these materials. There, for example, is a few report of stress measurement in polymeric materials by the embedded metallic particles in combination with x-ray diffraction [3] . However it must be able to measure directly the strain in polymer materials by the x-ray diffraction with the sin 2 ψ method. In the present study, residual stresses in continuous-tungsten-fiber reinforced polyethylene composites were examined by the x-ray stress measurement with the transmission method [4] . The x-ray elastic constant (XEC) of the polyethylene matrix was investigated before measuring the stress of the FRP composites.
X-ray Stress Measurement Method and Sample Preparation
The high-density polyethylene (HDPE) samples used in this study consist of two phases: an amorphous phase and a semicrystalline phase. Residual stresses are determined from the crystal lattice in the semicrystalline phase of HDPE by x-ray diffraction. Fig. 1 shows the procedure used to make FRP samples. The FRP samples were produced in a heat press. The polyethylene sheets were pressed with tungsten fibers between the two plane heaters.
Figure1 Schematic diagram of heat press system for forming FRP samples.
Regarding to the theory of the x-ray stress measurement, if the angle ψ is defined relative to the normal to the diffraction plane, the equation for the 2θ-sin 2 ψ method for the plane stress condition can be expressed as: ,
where E is Young's modulus, ν is Poisson's ratio, and 2θ 0 (degrees) is the diffraction angle of the stress-free state. The 2θ ψ -sin 
where M (degrees) is the gradient of the regression line of the 2θ ψ -sin 2 ψ diagram. The XEC connects macroscopic stresses and the lattice strain calculated from the diffraction angle 2θ. Usually, the diffraction peaks of polymeric materials occur at low angles. This will be problematic when the sin since ψ tilt angles cannot be made sufficiently large to measure stresses at the material surface. Therefore, the diffraction angles of the HDPE samples were measured using a transmission method with parallel beam slits (see Fig. 2 ). A Ω-diffractometer was employed in the transmission configurations (0.4 ≤ sin 2 ψ ≤ 1.0). In this study, the 110 and 200 diffractions were employed for x-ray stress measurements because of its high intensity. It should be noted that the sin 2 ψ method is based on the assumption that the plane-stress condition because of a shallow penetration of x-rays. On the other hand, x-rays penetrate deep into polymeric materials, we take the transmission method in this study. Since the samples were very thin (about 0.45 mm), however, we assumed that there is no stress component normal to the surface. Figure 3 shows the 2θ vs. sin 2 ψ distributions for several applied stresses for the peak of the 110 and 200 diffractons. The transmission method was employed in this measurement .The small tensile testing device was mounted on the Ω-diffractometer and stresses applied to HDPE sample. The contents of this sample sheet was only HDPE, it did not include the tungsten fiber. Regarding to the results of the x-ray stress measurement, this figure shows that there is little scatter for all of the measurement points and they exhibit good linearity with the regression lines. These regression lines intersect each other at the same point; this is an evidence of a high-accuracy in the present x-ray measurement. Figure 4 shows the relationship between the gradients of the regression lines in the 2θ-sin
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